It seemed desirable to determine to what extent lysogeny in A. tumefaciens exists and to confirm by electron microscopy that any observed lysis actually represents phage, rather than a bacteriocine. Bacteriocines which lyse A. tumefaciens were demonstrated by Stonier (9).
Stonier had previously suggested that lysogeny might be widespread in A. tumefaciens because P32-labeled bacteria lost large amounts of label (8) .
In the early literature, considerable evidence was presented for the presence of bacteriophage in A. tumefaciens. Perhaps the most extensive work is that of Kent (5) , who found that phage were sometimes associated with A. tumefaciens isolated from plant tumors. P. K. Chen reported that a bacteriophage isolated from raw sewage was capable of lysing A. tumefaciens (Ph.D. Thesis, Univ. of Wisconsin, Madison); however, these were virulent bacteriophage and were also found to lyse A. radiobacter (7) .
It seemed desirable to determine to what extent lysogeny in A. tumefaciens exists and to confirm by electron microscopy that any observed lysis actually represents phage, rather than a bacteriocine. Bacteriocines which lyse A. tumefaciens were demonstrated by Stonier (9) .
MATERIALS AND METHODS
Bacterial strains. A. tumefaciens cultures were obtained from various sources as shown in Table 1 . Stock cultures were maintained on peptone-agar slants and were stored at 4 C.
Isolation ofbacteriophage. Bacteria for use either as hosts or as strains, to be tested for phage release, were grown overnight on a rotary shaker in a 125-ml Erlenmeyer flask containing 50 ml of peptone water (0.4%) and 0.002 M MgSO4 at 30 C. For use as host bacteria, 1 ml was then transferred to 50 ml of fresh medium and incubated an additional 6 hr. For use as a phage source, a 5-ml sample was removed, centrifuged to sediment the bacteria, and stored overnight at 4 C to facilitate phage release (3) . A drop of the clear supernatant fluid was spotted on the surface of plates consisting of a double layer of agar medium and heavily seeded with the host bacteria in log-phase growth. The agar medium was comprised of peptone water plu-s 1.5% agar for the base layer and 0.7% agar for the soft-agar layer. The plates were incubated at 29 C for 24 hr and then were inspected for lysis.
From the available strains, supernatant fluids that were free from bacteria were screened against B-6 as the sensitive host bacterium. Whenever the presence of a phage is reported, the phage were taken from the plaques with a sterile inoculating needle, washed with peptone water, and then replated. Phage preparations of high-titer stock were obtained by the confluentlysis technique described by Adams (1) . Bacteriophage titers were determined by the soft-agar layer method (1) with A. tumefaciens strain B-6 as host. Phage are designated by the letter L and by the bacterial strain of origin, e.g., phage La6k, was derived from A. tumefaciens strain A6K1.
Electron microscopy. Bacteriophage were prepared for electron microscopy by two methods. In the first method, plates with confluent lysis were eluted with peptone water. The eluate was filtered through a membrane filter (Millipore Filter Corp., Bedford, Mass.) and centrifuged at 40,000 X g for 3 hr. The phage were suspended in 5.0 ml of 1% ammonium acetate. The solution, containing the suspended phage, was centrifuged at 1,500 X g for 20 min. The supernatant liquid was recentrifuged at 40,000 X g for 3 hr, and the phage were resuspended (4 C, 24 hr) in 0.2 ml of 1% ammonium acetate. Phage were deposited on a Formvar, carbon-coated grid by floating the grid on the surface of a small drop of the bacteriophage suspension. The grid was removed, excess solution was drawn off with filter paper, and the grid was airdried.
In the second method, a small drop of distilled water was placed on a plaque. A toothpick was used to mix the soft agar and water. A grid was floated on the drop. After 30 sec the grid was lifted from the drop, excess solution was removed with filter paper, and the grid was air-dried.
Grids prepared by these two methods were negatively stained (4) excess solution was removed with filter paper. Immediately after the grid surface had dried, the grid was washed with five drops of water. The excess water was removed, and the grid was air-dried. Grids prepared as described above were also shadowed with platinum (20°angle).
Phage (Lc-58) were prepared from several large petri plates by the method of Adams (1) . The phage were treated before sedimentation with a mixture of crystalline ribonuclease and crystalline deoxyribonuclease (final concentration, 10 ,ug/ml each) for 60 min at 37 C. The phage were sedimented at 51,500 X g and, after suspension in 0.2 M ammonium acetate, were resedimented at 51,500 X g for 4 hr. The phage were resuspended in 1 ml of tris(hydroxymethyl)-aminomethane-HCI buffer (0.01 M, pH 7.2). A 0.1-ml sample was tested for deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) by the diphenylamine and orcinol methods (6) . The nucleic acid was isolated from the phage by the addition of sodium dodecylsulfate (0.5%) and by shaking with 80% phenol (1 ml) at 60 C. After centrifugation, the aqueous layer was removed and the phenol layer was washed with 1 ml of the buffer. Two volumes of 95% ethyl alcohol were added to the combined aqueous fractions, and the nucleic acid was collected on a stirring rod. After rinsing with 95% ethyl alcohol, the nucleic acid was dissolved in 2 ml of the buffer and precipitated with ethyl alcohol as described. The nucleic acid was incubated for 16 hr with 1 N NaOH at 36 C. After alkaline hydrolysis, the solution was acidified to pH 2.0 (HCI). Ultraviolet spectra were obtained both before and after alkaline hydrolysis. , and Lcg were examined by electron microscopy. These phage were found similar in appearance. They had a polyhedralshaped head (Fig. 1B) and a tail with a length about three times that of the head. The tail possessed a small tuft of fibers (Fig. 1C) . The tail either curved slightly (Fig. 1C) or tended to loop (Fig. 1D) . Platinum-shadowed phage had morphological features similar to those seen in negatively stained preparations.
RESULTS

Detection
Measurements of bacteriophage Lv-1 (Fig. 1A There is no obvious relationship between these phage and the virulence of A. tumefaciens (induction of crown gall tumors), as evidenced by the fact that strain B-6 is virulent. However, an interesting possibility is that the bacteriophage may be related to virulence by viral conversion.
